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ABSTRACT: 

PURPOSE: To prevent a heat -dissipating property from being lowered while 
an SOI (silicon on insulator) structure is being held by a method wherein 
a diamond which is insulating and whose heat-conducting property is good 
is used instead of SiO.sub.2 as an insulator layer. 

CONSTITUTIONS diamond is used as an insulator layer 2 instead of 
SiO.sub.2; the insulating layer 2 is formed on a silicon substrate 1; a 
silicon layer 3 having an electronic circuit is pasted on it . A thermal 
conductivity of the SiO.sub.2 is 0 . 1J/ cmKs and that of the diamond is 
23J/cmKs,- that of the diamond is large by 200 times or higher; this 
directly contributes toward a heat -dissipating property of an element. In 
addition, this effect becomes much more large when a metal such as nickel 
or the like is used as the substrate on which the diamond is grown. 
Thereby, it is possible to obtain a semiconductor element of an SOI 
structure whose heat-dissipating property is good.m 
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Specifications 

1. (Title of the Invention) 

Semiconductor Element 

2. (Claims) 

1. A semiconductor element having an SOI structure; said 
semiconductor element characterized by an insulator layer 
comprising diamond. 

2 . The semiconductor element of claim 1 characterized by the 
aforesaid diamond insulator layer being formed on silicon in a 
vapor phase growth method. 

3 . The semiconductor element of claim 1 characterized by the 
aforesaid diamond insulator layer being formed on a metal or 
alloy on which diamond is formable in a vapor phase growth 
method. 

4. The semiconductor element of claim 1, 2 or 3 characterized by 
a silicon layer, which forms a circuit, being a silicon single 
crystal layer which is laminated on the insulator layer 
comprising diamond. 

5. The semiconductor element of claim 1, 2 or 3 characterized by 
a silicon layer, which forms a circuit, being formed by 
laminating the silicon layer formed on the diamond insulator 
layer in a vapor phase growth method to a silicon single crystal. 

6 . A method for manufacturing the semiconductor element of claim 
1, 2 or 3 characterized by forming the diamond insulator layer on 
a substrate in a vapor phase growth method, polishing this 
smoothly and subsequently laminating a silicon single crystal on 
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this, and forming an electronic circuit on the aforesaid silicon 
single crystal. 

7 . A method for manufacturing the semiconductor element of claim 
1 characterized by forming the diamond insulator layer on a 
substrate in a vapor phase growth method, polishing it smoothly 
and subsequently forming a silicon layer on that in a vapor phase 
growth method, laminating a silicon single crystal on this and 
further, forming an electronic circuit on the aforesaid silicon 
single crystal. 

8 . A method for manufacturing the semiconductor element of claim 
1 characterized by forming the diamond insulator layer on a 
substrate in a vapor phase growth method, forming a silicon layer 
on that in a vapor phase growth method and subsequently polishing 
this surface smoothly, laminating a silicon single crystal on 
this, and furthermore, forming an electronic circuit on the 
aforesaid silicon single crystal. 

9. The semiconductor element of claim 1, 2 or 3 characterized by 
the semiconductor element being a memory element . 

3 . Detailed Specifications 
(Field of Industrial Utilization) 

This invention pertains to a silicon semiconductor element, 
and in particular, a semiconductor element having an SOI (silicon 
on insulator) structure. 
(Prior Art) 

The fact that a so-called SOI element, wherein a silicon 
circuit layer, which is several //m thick, is formed on an 
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insulator, and has special feature in that it is more outstanding 
in high-speed operability and radiation resistance, and latch-up 
arises more difficultly than with an element having a silicon 
layer of the usual thickness is denoted in "SOS Devices Taking a 
Leading Role With Ics" (Hirano, et al . : Nikkei Electronics , pg. 
50, Dec. , 16, 1974) , etc. 

Normally, this element is such that an Si0 2 oxidation film is 
formed on a silicon substrate, a silicon layer is epitaxially 
grown on this in a vapor phase growth method, such as CVD, and 
furthermore, a circuit is formed on this epitaxial silicon layer. 
However, in this case, the crystallinity of the epitaxial silicon 
layer was poor, which has become the largest bottleneck from the 
standpoint of SOI element development. 

The technology therein for directly joining silicon together 
or Si0 2 together has become widespread recently. After joining 
extremely pure silicon or Si0 2 together with a high degree of 
flatness in a method in which a hydrophilic treatment or the like 
is carried out on a surface, they are overlapped and heated, or 
high voltage is further applied, etc. Then, the fact that SOI 
development is advancing by using this direct joining method was 
denoted in "Silicon on Insulator by Bonding and Etch-Back", IEEE 
International Electron Device Meeting Technical Digest, p. 684, 
Dec. 1985 by Lasky, et al . , "Wafer Lamination Technology", Nikkei 
Microelectronics, pg . 82, March, 1988, etc. 

That is, oxide films comprising Si0 2 are formed on both sides 
of two silicon substrates, which are joined in the above- 

4 



mentioned method. Subsequently, polishing is done on one side of 
the substrate until the silicon thickness is several //m thick, 
and a circuit is formed on this using a planar technique. In 
this method, a high-quality silicon single crystal layer with the 
same quality as bulk can be utilized in circuit formation; hence, 
it operates satisfactorily even in finely structured circuits. 
Examples in which a memory circuit is formed in this method have 
been reported already. 

However, the thermal conductivity of an element constructed in 
this kind of method whose insulator layer comprising silicon is 
inferior to an element comprising silicon only; hence, there are 
limitations to high-level integration and in applying an element 
requiring a lot of electric current. 
(Problems Which the Invention Intends to Solve) 

In the above-mentioned prior art, there was a problem because 
the heat dissipation property was poor since Si0 2 , whose thermal 
conductivity was poor, was used as the insulator layer. 

The object of this invention is to prevent the heat 
dissipation property from being reduced while maintaining an SOI 
structure . 

(Means Used to Solve the Problems) 

The above-mentioned object is settled by using a substance 
with a satisfactory insulating property and thermal conductivity 
instead of Si0 2 which is the insulator layer. 

The inventors of this invention proposed that the heat 
dissipation property of an element with an SOI structure could be 
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improved substantially by using diamond instead of Si0 2 as the 
insulator layer. 

Generally, the coefficient of thermal conductivity of an 
insulator is substantially inferior to a metal, but of the 
insulators, diamond has an exceptionally large coefficient of 
thermal conductivity. In particular, it is known that the 
coefficient of thermal conductivity of all materials is high in 
the room temperature region. 

In the past, diamond was synthesizable under high temperature 
and pressure. Recently, it has become evident that it can be 
synthesized at low pressure in a vapor phase growth method. For 
example, diamond that was formed on a substrate by ionizing a 
mixture of methane and hydrogen gases with microwave plasma and 
bombarding a silicon substrate heated with this gas is shown by 
M. Kamo, et al . in the Journal of Crystal Growth , Vol. 62, p. 
341, 1985. 

Diamond is used as a support for semiconductor lasers and the 
like which require that the heat dissipation property be higher 
than in the past because the coefficient of thermal conductivity 
of diamond is high. In addition, a thin-film diamond that is 
obtained, and furthermore, used as a heat-dissipating substrate 
in, for example, microwave amplifiers, extensively is shown in 
the publication of Tokkai No. 62-24547, which is entitled 
"Substrates for Mounting Semiconductor Elements". However, these 
substrate are only used simply as heat-dissipating substrates for 
semiconductor elements. Meanwhile, by utilizing the 
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semi conductive property of the diamond itself, the heat 
dissipation property is good and there have been attempts to 
produce elements that operate at high temperatures. But the 
technology for fabricating semiconductors from diamond or 
techniques for working them have not been perfected enough and it 
is difficult to render them practical at the present time. 

By contrast, the purpose for using diamond as an SOI insulator 
is not simply to plan an improvement in thermal conductivity, but 
also to make silicon semiconductor elements higher in speed and 
resistant to radiation, which differs from what was mentioned 
above . 

A method for producing an element with an SOI structure in 
which diamond is made the insulator layer will be shown next. 

(1) Form a diamond film on a substrate 

(2) Polish the diamond layer 

(3) Form a silicon thin film on the diamond layer in a vapor 
phase growth method 

(4) Laminate with a sheet of silicon single crystal 

(5) Polish the silicon single crystal layer 

(6) Form an electronic circuit 

In addition, the method shown next is a possible modified 
example of this. 

(1') Form a diamond film on a substrate 

(2') Form a silicon layer on the diamond layer in a vapor phase 
growth method 

(3') Polish the silicon layer that was grown in the vapor phase 
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(4') Laminate with a sheet of silicon single crystal 
(5') Polish the silicon single crystal layer 
(6') Form an electronic circuit 

There are no restrictions if diamond is formable as a 
substrate and it withstands the subsequent heat treatment, etc. 
However , if the integrity of the coefficient of thermal expansion 
with the silicon in the circuit layer is considered and if the 
emphasis on the heat dissipation property is to be covered, a 
metal, such as nickel or copper, is preferable. 

There are microwave plasma CVD methods, DC plasma CVD methods, 
thermal CVD methods, and the like for forming the diamond layer, 
and any of these methods may be used. 

When diamond synthesis is performed by using a vapor phase 
growth method, it is known that the structure and shape of the 
product varies due to differences in the synthesis conditions 
thereof. In certain cases, a carbon compound containing hydrogen 
is contained, which is called diamond- like carbon. From the 
standpoint of the coefficient of thermal conductivity, a diamond 
with good crystallinity is preferable, but from the standpoint of 
practical use, it may be a diamond- like carbon. 

Generally, the surface of the diamond synthesized in the 
above-mentioned method is not smooth; hence, it is necessary to 
smoothen the surface thereof in order to laminate it directly to 
silicon. 

It is possible to laminate extremely pure, polished diamond on 
silicon. Although it is more preferable to use the process shown 
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in above-mentioned (3) in order to obtain a stronger lamination 
strength, the process shown in above-mentioned (3) can be 
omitted. That is, a stronger adhesive strength can be obtained 
by forming a silicon film on diamond in a method, such as vapor 
deposition, sputtering or CVD, and laminating a silicon single 
crystal to this. In this process, the diamond is polished first 
and then the silicon layer may be formed smoothly on it, or as 
stated in the modified example, the silicon layer can be formed 
directly on this in a vapor phase growth method, and then it can 
be polished subsequently in order to smoothen it without 
performing polishing of the diamond layer. In addition, a heat 
treatment is performed between the processes shown in (2') and or 
between (3') and (4') , which is effective for improving the 
lamination strength even if crystallization of the silicon layer 
formed in a vapor phase growth method is planned. After 
laminating the silicon single crystal, the fact that adhesion is 
further strengthened by performing a heat treatment or 
application of voltage is as stated in the aforesaid references. 

The silicon single crystal layer that was laminated therein is 
polished to, e.g., a suitable thickness of about 5 /im and an 
electronic circuit is formed on this using the usual planar 
technique . 
(Effects) 

If the coefficient of thermal conductivities of Si0 2 and 
diamond are compared, the former is 0.1 J/cmKs and the latter is 
23 J/cmKs; diamond is 200 times larger. This contributes 



9 




directly to the heat dissipation property of the element. 
Further, this effect is even larger when a metal, such as nickel, 
is used as the substrate for diamond growth. 
(Practical Examples) 
<Practical Example 1> 

An example of the element of the present invention is shown in 
Figure 1. This element comprises a substrate 1 comprising 

silicon, a diamond insulating layer 2 formed on that, and a 

silicon layer 3 having an electronic circuit laminated on this. 

An example of the method for manufacturing the element of the 
present invention is shown below. 

An approximately 1 mm thick mirror-polished 2 cm square sheet 
of silicon was used as the substrate for forming the diamond 
layer. The surface of this silicon sheet was polished again by 
using a diamond paste with a 1 p particle size. 

This substrate was placed in a reactor and a gas in which 
hydrogen was mixed at a ratio of 0.5:99.5 was allowed to flow 
through it under 5 torr pressure. While heating the substrate to 
8 00°C, the gas was ionized with microwaves and a diamond layer 
was formed on the substrate by bombarding the substrate with the 
plasma formed accordingly. The amount of time for irradiating 
the plasma was 10 hours and an approximately 5 /an thick diamond 
was grown. 

The silicon sheet on which the diamond was grown was removed 
from the reactor, a base material was made from a pure iron 
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polished sheet, this was polished in hydrogen plasma, and the 
surface thereof was smoothed. 

The surface of the silicon sheet, on which the diamond 
produced in this way was formed, was mirror polished, 
superpositioned on a silicon single crystal sheet subjected to a 
treatment for imparting hydrophilicity; and while applying 
weighting, a heat treatment was performed at 8 00°C under an inert 
atmosphere to laminate these together. 

Subsequently, the laminated silicon single crystal sheet was 
polished 5 /im thick and a circuit was formed on this in the usual 
planar technique. 
<Practical Example 2> 

A nickel plate was used as the substrate, a diamond layer was 
formed in the same method as in Practical Example 1, a silicon 
single crystal sheet was then joined, and an electronic circuit 
was formed on that . 
<Practical Example 3> 

Diamond was formed on silicon in the method in Practical 
Example 1, the surface thereof was polished, after which an 
approximately 10 0 nm thick silicon layer was formed in a CVD 
method, and this was laminated on the silicon single crystal 
sheet. An electronic circuit was formed subsequently in the same 
method as in Practical Example 1. 
<Practical Example 4> 

Diamond was formed on a silicon substrate in the same method 
in Practical Example 1, and a 2 jxm thick polysilicon layer was 
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formed on this in a CVD method. A polysilicon layer was mirror 
polished next and this was laminated on a silicon single crystal 
sheet. Subsequently, the silicon single crystal layer was 
polished and the circuit was formed on this as in Practical 
Example 1 . 

(Merits of the Invention) 

According to the present invention, a semiconductor element 
with satisfactory heat dissipation property and an SOI structure 
can be fabricated. 

4 . Brief Description of the Figures 

Figure 1 is a perspective view of the semiconductor element in 
a practical example of the present invention. 



Key: 1) substrate; 2) diamond insulator layer; 3) silicon layer 




Figure 1 
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